Children with cerebral palsy (CP) often have speech, language, and/or communication disorders 1 and are referred to speech and language therapy (SLT). They may also be referred to SLT services for dysphagia: treatment of which is beyond the scope of this review. Although the exact prevalence of the communication disorders associated with CP is not known, it has been estimated that approximately 20% of children with a diagnosis of CP have severe communication impairment and are classified as non-verbal. 2 Many more will have less severe speech and communication disorders as a consequence of their motor impairment, or disorders arising from speech, language, and cognitive processing deficits associated with CP.
skills, intelligibility, communicative competence, (b) communication partners' conversation and interaction strategies; (2) family stress and coping; (3) satisfaction of patient and family with treatment; (4) non-compliance with treatment.
SEARCH STRATEGY
The following search strategy was used to locate published reports: (a) cerebral pals* AND child; (b) speech OR speech disorder OR speech intelligibility OR speech therap* OR speech and language therap* OR speech pathol* OR speech and language pathol*; (c) language OR language disorders OR language development disorders OR sign language OR child language OR language therap*; (d) communication OR communication aids for disabled OR communication disorders OR manual communication OR nonverbal communication OR augmentative and alternative communicat*; (e) #b OR #c OR #d; (f) a AND e.
The following electronic databases were searched from 1980 or their inception (whichever was later) until the end of December 2002: Medline; CINAHL; EMBASE; Psych Info; Web of Science; Linguistic and Language Behaviour Abstracts; British Education Index; National Research Register (completed and ongoing research); ERIC; Aslib Index to UK theses; SIGLE.
The following journals were hand-searched from 1980 onwards or from their inception (whichever was (1998) (1999) (2000) (2001) (2002) . Reference lists of all studies selected for possible inclusion were checked for other eligible studies. Authors of included trials were contacted for unpublished studies. Calls for assistance were made through national professional associations.
METHOD OF REVIEW
One author searched for relevant reports and assessed them for inclusion using the strategies and criteria above. Translations were sought when necessary. Two other authors independently assessed separate random samples comprising 25% of all identified studies, plus any studies whose inclusion status was ambiguous. Two authors then independently assessed the methodological quality of each study identified for inclusion, using a previously validated checklist 10 and a checklist for single-case experiments developed from methodology texts. [11] [12] [13] Attention was paid to whether studies demonstrated protection from the following types of bias: selection bias, i.e. whether the study had true random sequencing, true concealment up to the time of allocation, comparison of known confounding variables between groups, comparison of developmentally similar processes in single-case experimental designs; performance bias, i.e. whether the study had Annotation 59 Percentage responses to blocks of five Target produced rarely during baseline Two children took part in the study. The elicitation sequences, recorded by unblinded with each conversation partner. Target second child did not have CP and data assessor. Reliability of treatment according to increased only when partner used from that participant is not included protocol and data coding was checked on 25% elicitation sequence in this review of sessions with a second, unblinded assessor.
Mean agreement 98% (range 94-100%)
Requests under investigation were Rarely produced targets at baseline. Three children took part in the study. tested daily. Content, form, and Steady increase in target behaviour Only one had CP. The other children's function of communicative behaviour following initial lag results are not included in this review was assessed by therapist. Reliability of assessment was checked by independent observer in 20% sessions. 100% agreement Percentage correct naming of 10 trained Fewer trials to criterion for iconic symbols and 10 untrained items using Bliss and than Bliss, generalization, maintenance iconic language was measured before and naming of untrained objects greater and after intervention. Trials to acquisition with iconic symbols than Bliss for all for both systems was also calculated. Data three participants were measured by an unblinded assessor, and by an independent observer on approximately half of the sessions. Mean agreement for each student 98, 98, 99% continued… differences in types of treatment (co-interventions) between the two groups; exclusion bias, i.e. withdrawal after entry to the trial; detection bias, i.e. 'unmasked' assessment of outcome. Data on the design, participants, measures, and intervention of individual studies were abstracted using checklists developed using a previously published tool. 10 Where necessary, authors were contacted to provide missing data for the included trials. Data were entered into RevMan(4.2) 14 for analysis.
Results
Searches generated 832 abstracts, of which 737 clearly did not fit the inclusion criteria. Ninety-five full papers were considered, and seven studies fitted the inclusion criteria for this review. Reasons for exclusion included indirect therapy provided, lack of experimental control, and inability to disaggregate results of participants with CP from those of people with other diagnoses. All studies included in this review comprised single-case experimental designs. Two studies included other participants who did not have CP. Results for children with CP are reported here. Participants ranged in age from 11 months to 18 years, and had a range of type and severity of CP. Participants also varied widely in the presence and severity of associated disorders. At least seven of the twelve children had cognitive impairment in addition to their motor impairment.
OUTCOMES OF INCLUDED STUDIES
Intervention aimed to facilitate the development of preintentional communication skills (e.g. maintaining eye contact), functions of conversation (e.g. asking questions, providing information, repeating when misunderstood), and syntactic structure in expressive language (e.g. 'is/are' with verb). Increases in skills were noted in each of the studies, suggesting that the interventions were effective for the individual children involved. As participants and interventions differed, a meta-analysis was not used in the review. A description of individual studies is included in Table I. Richman and Kozlowski 15 taught a female with severe intellectual and motor impairment, who was at the preintentional stage of development, to keep her head up, to maintain eye contact, and to produce vocal imitations in interaction, using operant teaching methods, including shaping and contingent reinforcement. Increases in targeted behaviours were observed during treatment phases, with reductions during reversal phases.
Hunt et al. 16 , Pinder and Olswang 17 , and Sigafoos and Couzens 18 taught children from 11.5 months to 18 years of age, who had varying degrees of intellectual impairment, to produce requests for specific objects or actions using natural methods of communication or symbols. Researchers used operant and micro-teaching techniques, in which elicitors, expectant delay, prompts, and reinforcements were used in graded sequences to facilitate learning. In each of these three studies, intervention effects generalized to untrained requests. Davis et al. 19 also focused on developing communicative functions, teaching a teenager to produce responses to partners' statements in conversation. Three conversation partners were trained to follow two answered questions with a statement in conversation in order to elicit a non-obligatory response from the child. Responses increased when each conversation partner began to use this elicitation sequence. However, there was considerable variation in frequency of responses during the intervention phases, and intervention was not implemented with the third partner because the child moved away from the area in which the research was conducted. Hurlbut et al. 20 trained three teenagers to select and name objects using Blissymbols (whose meanings cannot be guessed from their appearance) and iconic symbols (look like the item/activity they represent). Each child acquired iconic symbols faster than Blissymbols and produced them more frequently in generalization and maintenance checks. Campbell and Stremel-Campbell 21 trained a child to use 'is/are' correctly in three successive syntactic structures using operant teaching methods, including systematic reinforcement. However, performance varied widely over each phase of the training.
METHODOLOGICAL QUALITY OF INCLUDED STUDIES
All studies included in the review cited children's chronological age, and most gave the type and a rating of the severity of their CP. Three included information on the presence and/or severity of associated disorders, such as intellectual and sensory impairments. However, none included sufficient detail to allow replication of the study. Four studies [16] [17] also lacked detail in the descriptions of their intervention and measurement protocols. In three of the studies skills were inappropriately compared. Richman and Kozlowski 15 compared communication skills with an unrelated motor skill, which may have had a different rate of development from the communication skills. Pinder and Olswang 17 and Sigafoos and Couzens 18 selected skills for treatment and control that were very similar, and which may have been expected to generalize from the treatment provided. In each of the studies included in the review, outcomes were measured by the therapists who provided the treatment. Detection bias was reduced, but not eradicated, by a second observer independently measuring outcomes for a percentage of the data. The number of data checked ranged from 17% to 50% across the studies. In all studies except that reported by Pinder and Olswang, 17 data were collected online, with second observers simultaneously collecting data in the reliability sessions. The independence of the assessors was made clear only in Campbell and Stremel-Campbell's 21 study, which placed the observers 20 feet (approximately 6.1m) apart. Pinder and Olswang 17 video-recorded sessions and measured outcomes from the videotapes. Measurement reliability was checked by a blinded assessor coding a randomly selected sample of the data.
In single-case experimental designs, treated and control behaviours should be similar in nature and expected to develop at a similar rate. They should be measured continuously across the baseline, treatment, and maintenance phases of the intervention, and these phases should be of similar duration. 22, 23 To demonstrate that treatment is successful, treated and control behaviours should be stable or decrease during baseline. Treated behaviours should increase during treatment, while control behaviours remain stable. In studies aiming for communication development, treated skills should remain high during the maintenance phase. If behaviours are unstable before treatment, randomization tests can be used. 24 None of the studies included in the review met all criteria to demonstrate clear effects of treatment (see Table I ).
Annotation 61 
Outcome measures Outcomes Notes
Requests for more and requests for objects Targets produced rarely in baseline. Generalization across acts expected. were probed once per week in play with toys Targets increased during treatment.
Design not able show effects of treatment (experimental condition) and at snack time Generalization to untreated requests (control condition). Unblinded assessor for each child recorded response to elicitations and modes used to make response. Reliability checked with a second observer using randomly selected 20-25% of data for each child. Agreement K=0.60
Percentage of time eye contact and head Variation across baseline. Production of Child absent for 3 sessions over control were maintained during each training targets increased during intervention. treatment period session. Vocal imitation was requested Reduced during reversal. Increased again 30 times in each session, percentage response in second treatment phase, but to lower recorded. Data collected during each session levels than first treatment phase by the therapist. Reliability checked with a number of trained observers on 12.5% session.
Mean agreement 92% (range 80-95%)
Therapist assessed percentage of trials in Variation in baseline. Immediate increase Requests for objects generalized across which object requested. Reliability of coding in treatment phase. Possible downward the three objects. All used in same established with independent observer trend at end of treatment activity, probably interrelated in using approximately 50% of sessions. communication Agreement for baseline session 75%, intervention 95%, generalization 83% Discussion The studies included in this review show that SLT based on operant and micro-teaching methods was effective in aiding the development of pre-intentional communication skills, 15 requests for objects or actions, 16, 17 responses to others' communication, 19 and the use of expressive language structures 21 for the children with CP who took part. These studies also show that the children with severe cognitive impairment who participated in research found iconic symbols easier to acquire than non-iconic Blissymbols. 20 However, given the single-case methodology used in each of the included studies, we cannot generalize the findings to other children with CP. Further research is needed to replicate the studies included in this review and to test the general effectiveness of the interventions described with groups of similar children. Furthermore, SLTs are involved in many areas of speech, language, and communication development that are not represented in the current review. Some areas, mostly concerning the introduction and development of augmentative and alternative communication (AAC), were the subject of observational studies [23] [24] [25] [26] [27] which were excluded from the present review because of the inability to demonstrate effectiveness of treatment. However, for some areas of intervention, no evidence was found at all (e.g. dysarthria therapy to aid intelligibility, articulation therapy). This review therefore highlights the current lack of rigorous research evidence of the effectiveness of direct SLT for children with CP.
Research is underway to map out the areas of development in which SLTs are involved and the models and types of intervention currently used (Pennington, Forthcoming) . To demonstrate conclusively the effectiveness of these interventions, SLT researchers must ensure that future research is of high quality. In common with research involving other communicatively impaired populations, many studies of SLT for children with CP have failed to describe the participants in sufficient detail to allow replication or implementation, and contain methodological inadequacies that prevent firm conclusions being drawn about the effects of treatment. [28] [29] [30] Future research must provide full descriptions of participants, giving information on their chronological age; type and severity of CP; presence and severity of intellectual and sensory impairment; current levels of motor, cognitive, and sensory function; presence and severity of challenging behaviour; presence, type, and severity of epilepsy; and other health markers. Children's speech production should be described, with a rating of intelligibility. Their receptive and expressive spoken, written, and augmentative and alternative language skills, including measures of vocabulary development, should also be described. Information on the child's preferred methods or modes of communication and the ways they are used in conversation should always be given, with an overall rating of their communicative competence.
With the provision of full descriptions of children with CP who participate in SLT research it may be possible to identify subgroups of children who have similar features and who may respond similarly to some types of intervention. If such subgroups are found, pragmatic tests of the general effectiveness of interventions to which subgroups respond similarly, could be undertaken. It is possible that some treatments may also be extended to children who do not have CP but who share features with children in a CP subgroup, for example, children with acquired motor impairments, and children with severe learning difficulties who do not have motor impairments. However, given the heterogeneous nature of CP, some children may never fit into a subgroup and for them treatment effectiveness must always be investigated using singlecase experimental designs. 11, 31 Full descriptions of participants would also enable readers to estimate the effects of confounding variables on the outcome of interventions.
In addition to developing research reporting, researchers must also address research design and conduct in future studies. In single-case experiments, behaviours should be assigned at random to treatment and control conditions and be measured continuously throughout each phase of the experiment. 11, 22, 23 Each phase should be of adequate duration to show behaviour patterns. In all research, authors should also show that detection bias was reduced by outcomes being measured by observers who did not give the treatment and who were blind to the assignment of participant or target behaviour to treatment or control. 32 All of the research located in the review approached intervention from a clinician's perspective. Future research should also address the priorities of children and their families, and investigate their views on the acceptability and usefulness of individual treatments. Consumer involvement in research planning and management can go some way towards these goals, and is now being addressed in research into the use of augmentative and alternative communication systems, 33, 34 but has not yet become routine practice in SLT research. 35 By combining the views of families and clinicians future research will generate acceptable and effective treatments.
Conclusions
Studies included in this review show that direct SLT, which focuses on communication and expressive language and which uses operant and micro-teaching techniques, has been effective for the children with CP who participated. Further research is needed to replicate these interventions with other children, and to develop a framework of tested, acceptable interventions that address the full range of speech, language, and communication disorders associated with CP. 
